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Abstract

All measurements of physical quantities are subject to uncertainties. These may be due to bias errors in the equipment used for
calibration and measurement, or to random scatter caused by, for example, a lack of sensitivity of the equipment used for the
measurement [1]. Every day, throughout the world, numerous current meter measurements are made in open channels to measur
flow without any report on the uncertainty of the measurement.. The uses made of these measurements in the design and operatior
of river works and in water resources management generally, require an assessment of the reliability of the measurements and in
such cases it is important that the uncertainty of the measurements is reported [1]. New international recommendations involve the
analysis of Type A and Type B methods of evaluation of uncertainty, the result to be reported as a combined uncertainty with
symbolu; and a coverage factor of 2 corresponding to a confidence level of approximately 95% [2].
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1. Introduction elementary operations during the measurement process.
For measurements of composite quantities, that depend
The result of a measurement is only an estimate of on several component quantities, the total error of the
the true value of the measurement and is therefore onlymeasurement is a combination of the errors in all compo-
complete when accompanied by a statement of its uncer-nent quantities. Determination of measurement uncer-
tainty. tainty involves identification and characterization of all
The discrepancy between the true and measuredcomponents of error and the quantification and combi-
values is the measurement error. The measurement errofation of the corresponding uncertainties [3].
which cannot be known, causes an uncertainty about the
correctness of the measurement result.
The measurement error is a combination of compo-
nent errors that arise during the performance of various

Nomenclature

Upi uncertainty in mean velocity; due to the limited number of depths at which velocity measurements
are made at verticdl

n number of depths in the vertical at which velocity measurements are made

Ugi uncertainty in point velocity at a particular depth in verticalue to variable responsiveness of the
current meter

Ugi uncertainty in point velocity at a particular depth in verticalue to velocity fluctuations (pulsations)

in the stream
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2. Analysis of uncertainties under the new
international recommendations

The analysis of uncertainties in flow measurement
now follows the procedure recommended in the Inter-
national Standards Organization’'s Guide to the
Expression of Uncertainty in Measurement [2]. The
Guide was developed by seven international organiza-
tions and published by 1SO. The procedure adopted with
respect to the uncertainty analysis of current meter flow
data differs from previous methodology used in the past
in both terminology and presentation [4,5]. Previously,
the influences that gave rise to uncertainty were recog-
nized as ‘random’ or ‘systematic’ and reported separ-
ately and combined. The concept of the Guide is that
there is no inherent difference between the uncertainty
component arising from a random effect and one arising
from a correction for a systematic effect. Indeed, ‘ran-
dom’ and ‘systematic’ uncertainties no longer enter into
uncertainty analysis. The international community have
agreed that the procedure laid down by the Guide should
be followed and all existing international and national
standards should conform accordingly.

The components of uncertainty are characterized by
estimates of standard deviation, that are termed standard
uncertainty, with the recommended symbol u; and which
are equal to the positive sguare root of the estimated
variance u;?2. The uncertainty components are combined
using equations for the combination of standard devi-
ations. The resultant uncertainty, which takes all sources
and components of uncertainty into account, is now
defined as the combined uncertainty.

3. Type A and Type B evaluation of uncertainties

The Guide introduces the concept of Type A and Type
B methods of evaluation of uncertainty to make a dis-
tinction between uncertainty evaluation by statistical
analysis of replicate measurements and uncertainty
evaluation by other (perhaps subjective or judgment)
means. Type A evaluation of uncertainty is by statistical
analysis of repeated observations to obtain statistical
estimates of the standard deviation of the observations.
Type B evaluation of uncertainty is by calculation of the
standard deviation of an assumed probability distribution
based on scientific judgement and consideration of all
available information that may include previous
measurement and calibration data and experience or gen-
eral knowledge of the behaviour and properties of rel-
evant instruments. By proper consideration of corre-
lations, either Type A or Type B method of evauation
of uncertainty can be used for evaluation of either ran-
dom or systematic uncertainty components.

According to the Guide, all uncertainties in flow are
expressed as percentage standard uncertainties corre-

sponding to percentage coefficients of variation
(standard deviation divided by the mean). Expanded
uncertainties are explicitly identified as such and are
taken with coverage factor 2, corresponding to a confi-
dence level of approximately 95% [2]. That is, 95% of
the observations should, on average, be within the speci-
fied limits of two standard deviations from the mean. It
should be noted, however, that no uncertainty value can
be ascribed to the remaining 5% [1].

4. Procedure to calculate the uncertainty in a
current meter flow measurement

The new recommendationsin the Guide for estimating
the uncertainty in a current meter gauging will be dem-
onstrated by the following typical example [5].

The measurement method, briefly, consists of dividing
the channel cross-section under consideration into seg-
ments by m verticals and measuring the breadth, depth
and mean velocity (denoted by b, d;, v; respectively)
associated with each vertica i. The mean velocity v; at
each vertical is computed from point velocity measure-
ments made at each of several depths on the vertical.
The flow is calculated as follows [6]:

Q= FEbidiVi (1)

Where Q isthe flow (in m®s?) and F is a factor, assumed
to be unity, that relates the discrete sum over the finite
number of verticals to the integral of the continuous
function over the cross-section [4]. That is, Eq. (1)
requires to be optimised until sufficient verticals are
employed so as to make F unity. If thisis not the case
F may be greater than unity since discharges calculated
from river sections having too few verticals are generally
too low.

The relative (percentage) combined standard uncer-
tainty in the measurement is given by the following equ-
ation:

2((bidivi)2(Ugi + Ug + u3)
u(Q)? = uy + Ug + @)

(Z bidivi)?

where u(Q) is the relative (percentage) combined stan-
dard uncertainty in discharge, uy; Uy U, are the relative
(percentage) standard uncertainties in the breadth, depth,
and mean velocity measured at vertica .

ugsuncertainty due to calibration errors in the current
meter, breadth measurement instrument, and depth
sounding instrument:

=(Ugm?+Upm2+Ugd) Y2, An estimated practical value of
1% may be taken for this expression.

u,=uncertainty due to the limited number of verticals

m=number of verticals
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Now,

u(v)? = ug + (1/m)(u g + ug) ©)
Combining Egs. (2) and (3) yields:

u(Q? = ui + Uz + 4

2((bidivi)2(Ugi + U5 + uy + (I/n)(ug + ud)))
(Ebidivi)z

If the measurement verticals are placed so that the seg-
ment discharges (b; d, v; ) are approximately equal and
if the component uncertainties are equal from vertical to
vertical, then Eq. (4) simplifies to:

uQ) = [uz + u2 + (L/m)(u + uj + u3 (5)

+ (/) (uE + w1

5. Typical example of a Type B evaluation of
uncertainty

It is required to calculate the uncertainty in a current
meter gauging from the following particulars [5, 7]:

Number of verticals used in the gauging: 20
Exposure time of current meter at each of 2 points. 3
min

Number of points taken in the vertical (0.2 and 0.8): 2
Average velocity in measuring section: above 0.3 m/s
Rating of current meter: individua rating

The following typical percentage component uncer-
tainty values are taken from 1SO 748 [4]:

Uy, 2.5

Us 1.0 (see above)

u, 0.5

ug 0.5

u, 35

u. 1.0

Ue 2.5 (at 0.2 depth)
2.5 (at 0.8 depth)

Therefore, from Eq. (5):

uQ) = [uz + uz + (L/m)(up + u + u3 + (1/n)(ué +
ug))]*?

= [25% + 1% 4+ (1/20)(0.5* + 0.5 + 3.5 +
(1/2)(1.0% + 2.5%)]*2

giving u (Q) = 2.84% , say 3%

Expanded uncertainty, U, coverage factor k= 2,
approximate confidence level 95%

Therefore
Uk=2)(Q) = ku(Q) = 2x 3 = 6%

Therefore
U(Q)=6%

Now, if the measured flow is Q m®/s, the result of the
measurement is expressed as: Q mé/s + 6% (expanded
uncertainty, coverage factor k = 2, approximate level of
confidence = 95%).

Note: The above uncertainty calculation is considered
to be a Type B evauation of uncertainty since the
component uncertainties in 1SO 748 are based on pre-
vious measurements, calibration data and research car-
ried out over the last forty years [8-28].

6. Conclusions

The new international method of estimating the uncer-
tainty in measurement as recommended in the Guide to
the Expression of Uncertainty in Measurement [2] has
now been adopted worldwide for physical measure-
ments. The procedure is based on sound principles of
mathematical statistics and is simple to apply to open
channel flow measurement. In applying the concept to
open channel measurement, or to hydrometry in general,
it will normaly be a Type B evaluation that is con-
sidered for general current meter gauging but for
research or specia studies, a Type A evauation will nor-
mally be considered.
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